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Transgenic Animal Expressing Alzheimer's Tau Protein ^ ^ 

Neurodegenerative diseases represent a heterogeneous group of 
genetic and acquired neurological disorders that result in 
severe and progressive cognitive and motor impairment with on- 
set during mid- to late-life (1) . The most common cause of de- 
mentia is Alzheimer's disease. In less than 5% of the cases 
Alzheimer's disease genetic factors are involved, the rest of 
cases are sporadic. 



Tau protein is the protein expressed in central nervous system 
and plays a critical role in the neuronal architecture by sta- 
bilizing intracellular microtiibule network. Impairment of the 
physiological role of the tau protein either by truncation, hy- 
perphosphorylation or by disturbing the balance between the six 
naturally occurring tau isoforms leads to the formation of neu- 
rofibrillary tangles (NFT) , dystrophic neurites and neuropil 
threads- These structures represent ultras true tural hallmarks of 
Alzheimer's disease. The major protein siibxinit of these struc- 
tures is microtubule associated protein tau (2,3) . The amount 
of NFT found in autopsies of AD patients, correlates with clinic- 
al symptoms including intellectual decline. Therefore tau pro- 
tein plays a critical role in AD pathology. The recent discovery 
of cosegregation of specific mutations in the tau gene with the 
disease fronto temporal dementia with Parkinsonism lirJced to 
chromosome 17 (FTDP-17) has confirmed that certain abnormalities 
in the tau protein can be a primary cause of neurodegeneration 
and dementia in affected individuals (4,5). However there is no 
experimental model that would directly address the details on 
the role of tau protein in pathogenesis of AD. 

Recent transgenic models of AD are based on expression of pro- 
teins associated with FAD (APP, PSl, ApoE etc.) either mutated 
or not. They include single and multigenic humanized animals. 
However none of the models recapitulates both hallmarks of AD, 
they usually do not show neurofibrillary pathology and none of 
them includes the possibility of investigation the fimction of 
environmental risk factors, which play a major role in the de- 
velopment of AD. 
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Currently available animal models showing some neurofibrillary 
changes are based solely on transgenic expression of mutated tau 
derived from f rontotemporal dementia linked to chromosome 17 
{FTDP17) . Typical example of this group is JNPL3 transgenic 
mouse (6) . Another evidence on the role of mutated tau have been 
published recently by Goedert and Spillantini (7) . 

In another transgenic animal model an over express ion of four re- 
peat tau protein was investigated. Prominent axonopathy in the 
brain and spinal cord was reported and it was shown that an 
overexpression of four repeat tau protein isofoann is sufficient 
to alter physiology of neurons. In the model, axonal dilations 
with accumulation of neurofilaments were documented in the neur- 
ons of central nervous system however without formation, however 
of intraneuronal neurofibrillary tangles (8) . 

The transgenic mouse was also produced in order to examine the 
normal cellular function of tau and its role in pathogenesis. 
The transgenic mouse overexpress a genomic tau transgene and 
also tau cDNA transgene. The comparison of two models shows that 
the distribution of tau is similar in both transgenic lines. 
Tau-immunoreactive axonal swellings were found in the spinal 
cords of the cDNA laice, which correlated with a hind-liirib abnor- 
mality, whereas neuropathology was not observed in the genomic 
mice (9) . 

Despite of the advantage of rat as an experimental model in 
neurobiology in comparison to mice, it is surprising that no tau 
transgenic model for neurofibrillary pathology was produced. 
In general it is considerable lower amount of transgenic rat 
models of neur ©degeneration produced till now. None of them re- 
capitulates tau pathology, which is typical for AD. 

Czech C, et al. (12) described a transgenic rat model which com- 
prises of mutations in the gene coded for presenilin 1 (SPl) . 
PSl is considered as a cause for the majority of cases of early 
onset familial Alzheimer's disease, however the published model 
did not show sufficient signs of AD associated pathology. 
Echeverria V and Cuello AC. (13) comment on the role of intra- 
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cellular accximulation of beta amyloid and the possible neuro- 
pathological role of intracellular amyloid-beta accumulation in 
Alzheimer's disease. Their present recent observations from a 
rat transgenic model with a phenotype of intracellular accumula- 
tion of A-beta fragments in neurons of the hippocampus and cor- 
tex, however without plaque and NFT formation. Therefore for 
rats, which is the second most often used animal in transgenic 
studies applies the same as for mice: there is no tr-ansgenic rat 
described in scientific literature that would express trxmcated 
tau protein and showed NFT formation. 

Till now there is no experimental model available for investiga- 
tion of etiology of AD in a connection with hypertension or oth- 
er risk factors like diabetes and dislipidemia, which are asso- 
ciated with AD. Genetic background of experimental transgenic 
animals plays a role in the development of appropriate transgen- 
ic model 

It is well known that AD is associated with certain environment- 
al risk factors. It was shown in epidemiological studies, that 
risk factors for vascular disease and stroke are associated with 
cognitive impairment and Alzheimer's disease; moreover the pres- 
ence of cerebrovascular disease intensifies the presence and 
severity of the clinical symptoms of . Alzheimer ' s disease (14). 
Another link between hypertension and dementia of AD type is in- 
dicated in a Rotterdam Study (15) . 

Therefore it is important to develop an experimental model for 
AD, which would mimic the main pathological features of the dis- 
ease and simultaneously allows an expression of environmental 
factors associated with AD etiology. 

It is therefore ah object of present invention to provide an ex- 
perimental model, which reflects the hallmarks of AD as close as 
possible and also the assay system for substances for treatment, 
prevention and diagnosis of AD. 

The present invention relates to a transgenic non-human animal 
expressing cDNA encoded Alzheimer's tau protein in the brain of 
the transgenic animals. These animals exhibit WF pathological 
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activity in brains. The invention further relates to a transgen- 
ic animal, which can be used as a screening assay system in the 
process of identifying substances, which improve learning and 
memory, inhibit neurodegeneration and decrease the rate of neu- 
rofibrillary tangles (NFT) formation and their elimination from 
the brain. The animals can be used for identifying substances 
for prevention, treatment and diagnosis of neurodegenerative 
diseases, preferably tauopathies and AD. The transgenic animals 
can also be used for investigating the influence of AD associ- 
ated risk factors, on the development of AD, Another use of an- 
imals lies in the process of drug target identification. 

The present invention describes the engineering of transgenic 
animals producing AD changes induced by specific transgene, re- 
sembling Alzheimer's disease in these animals. This provides an 
investigative tool to the discovery and development of drugs and 
diagnosis and to further study the role of normal and diseased 
tau proteins in vivo. 

The present invention relies on an induction of NF pathological 
activity in brain of animals solely by expressing of Alzheimer's 
tau protein in the brains of transgenic animals. Hallmarks of AD 
are induced in animals, which are prone to induction of risk 
factors associated with etiology of AD, which is another advant- 
age of the present invention. 

All technical and scientific terms used in the description of 
preferred embodiments have - unless specified otherwise - the 
same meaning as commonly understood in the field of art to which 
this invention belongs. The preferred methods, the laboratory 
procedures in cell culture, molecular genetics, biochemistry, 
and nucleic acid chemistry and materials are described in the 
invention, but any methods and materials similar or equivalent 
can be used in testing of the present invention. For procedures 
like recombinant nucleic acid preparation, biochemical analysis, 
cell culture, and trans gene incorporation like electroporation, 
lipofection and microinjection standard techniques are used. 

The term "Alzheimer's tau" refers to the group of specifically 
truncated isoforms of tau protein engineered genetically that 
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corresponds to those present exclusively in AD diseased brain. 
Alzheimer's tau is capable of inducing of NF activity on its ovm 
or in combination of other molecules in the brain. As used 
herein, the term Alzheimer's tau protein refers to the group of 
truncated tau forms present in AD-diseased human brain tissue. 

The term "transgene" is used herein to describe genetic materi- 
al, which has been artificially inserted into the genome of a 
cell, particularly a mammalian cell for implantation into a liv- 
ing animal. For specific countries, it may be necessary to spe- 
cifically exclude certain subject matter from this aspect, such 
as human totipotent stem cells as such or processes which lead 
to such cells, falling under Art. 6 (1) and (2) of the EC Direct- 
ive 98/44/EC. 

By "Alzheimer's disease" (abbreviated herein as "AD") is meant a 
condition associated with formation of neurof ibrillairy tangles 
and beta amyloid plaques, as well as impairment in both learning 
and memory. "AD" as used herein is meant to encompass both AD as 
well as AD- type pathologies, i-e., diseases of the central 
nervous system with symptoms similar to AD, 

By "Neurof ibrillairy activity" (abbreviated herein as "NF" activ- 
ity) is meant a condition associated with formation of neurofib- 
rillairy tangles in central nervous system with symptoms similar 
to AD. 

By "symptoms similar to AD" and "phenomenon associated with AD" 
is meant a structural, molecular, or functional event associated 
with AD, particularly such an event that is readily assessable 
in an animal model. Such events include, but are not limited to, 
neurofibrillary pathology, learning and memory deficits, and 
other AD-associated characteristics . 

By "transgenic animal" is meant a non-human animal, usually a 
mammal (e.g., a mouse, rat, rabbit, hamster, etc.), having a 
non- endogenous (i.e., heterologous) nucleic acid sequence 
present as an extrachromosomal element in a portion of its cell 
or stably integrated into its germ line DNA (i.e., in the genom- 
ic sequence of most or all of its cells) . Heterologous nucleic 
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acid is introduced into the germ line of such transgenic animals 
by genetic manipulation of, for example, embryos of the host an- 
imal . 

By "construct" is meant a recombinant nucleic acid sequence, 
generally recombinant DNA sequences, operable linked to tissue 
specific or general promoter, which is generated for the purpose 
of the expression of a specific nucleotide sequence (s), in mam- 
malian cells, or is to be used in the construction of other re- 
combinant nucleotide sequences . 

The present invention provides the structure, sequence and meth- 
od for generating of DNA constructs used for transgenic animal 
preparation, which are characterised by the following features: 

A DNA construct comprises a cDNA molecule coding for N~ and C- 
tenainally truncated tau molecules, wherein 

- the molecules have truncated at least 30 nucleotides down- 
stream of the start codon and trxincated at least the 30 nucle- 
otides upstream of the stop codon of the full length tau cDNA 
sequence coding for 4 -repeat and 3 -repeat tau protein, re- 
spectively, as given in Seq. accession niamber ]SIM_173727 in 
GeneBank 

- the minimally truncated tau core encompasses a protein frag- 
ment which is encoded by nucleotides nos 744 ~ 930 (seq ID No. 
9) (numbered according to tau protein isoform 43) 

- said DNA constructs are coding for proteins, which have neur- 
ofibrillary (NF) pathology producing activity when expressed 
in brain cells of animals. 

This NF pathology producing activity can be quantified by 
counts of neurofibrillary tangles per selected brain region, 
e.g. using stereology approach. Alternatively, neurobehaviour- 
al tests can be used for reliable evaluation of cognitive 
scores in learning memory- addressing tasks . 

Specifically preferred tau cDNA molecules according to the 
present invention comprise a nucleotide sequence selected from 
the group of SEQ ID NOs 1 to 14, The sequences are depicted in 
Fig. 1. 
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In a preferred embodiment of the invention,, said cDNA molecules 
represent a group of N- and C- terminally double truncated cDNAs, 
which comprises the following nucleotide sequences: 
(Derivatives from 4-repeat tau (tau 43) are labeled R4 and de- 
rivatives from 3-repeat tau (tau 43) are labeled R3) . Numbering 
used here is derived from full length tau cDNA described in 
Goedert et al.(24): 

SEQ ID NO: 1 (91-1059, R4) 

ATGCACCAAGACCAAGAGGGTGACACGGACGCTGGCCTGAAAGCTGAAGAAGCAGGCATTG-- 

GAGACACCCCCAGCCTGGAAGACGAAGCTGCTGGTCACGTGACCCAAGCTCGCATGGT- 

CAGTAAAAGCAAAGACGGGACTGGAAGCGATGACAAAAAAGCCAAGGGGGCTGATG^ 

GTAAAACGAAGATCGCCACACCGCGGGGAGCAGCCCCTCCAGGCCAGAAGGGCCAGGC- 

CAACGCCACCAGGATTCCAGCAAAAACCCCGCCCGCTCCAAAGACACCACCCAGCTCTGGT- 

GAACCTCCAAAATCAGGGGATCGCAGCGGCTACAGCAGCCCCGGCTCCCCAGGCACTCCCG-f- 

GCAGCCGCTCCCGCACCCCGTCCCTTCCAACCCCACCCACCCGGGAGCCCAAGAAGGTG- . 

GCAGTGGTCCGTACTCCACCCAAGTCGCCGTCTTCCGCCAAGAGCCGCCTGCAGACAGC- 

CCCCGTGCCCATGCCAGACCTGAAGAATGTCAAGTCCAAGATCGGCTCCACTGAGAACCT- 

GAAGCACCAGCCGGGAGGCGGGAAGGTGCAGATAATTAATAAGZ^GCTGGATCT- 

TAGCAACGTCCAGTCCAAGTGTGGCTCAAAGGATAATATCAAACACGTCCCGGGAGGCG- * 

GCAGTGTGCAAATAGTCTACAAACCAGTTGACCTGAGCAAGGTGACCTCCAAGTGTGGCT-- 

CATTAGGCAACATCCATCATAAACCAGGAGGTGGCCAGGTGGAAGTAAAATCOXSAG^ 

TGACTTCAAGGACAGAGTCCAGTCGAAGATTGGGTCCCTGGACAATATCACCCACGTCCC^ 

GCGGAGGAAATAAAAAGATTGAAACCCACAAGCTGACCTTCCGCQAGAACGCCAAAG - 

CAAGACAGACCACGGGGCGGAGATCGTGTACAAGTCGCCAGTGGT6TCTG6G- 

GACACGTCTCCACGGCATCTCAGCAATGTC 

SEQ ID NO; 2 (205-999, R4) 

ATGGTCAGTAAAAGCAAAGACGGGACTGGAAGCGATGACAAAAAAGCCAAGGGGGCTGATG- 

GTAAAACGAAGATCGCCACACCGCGGGGAGCAGCCCCTCCAGGCCAGAAGGGCCAGGC- 

CAACGCCACCAGGATTCCAGCAAAAACCCCGCCCGCTCCAAA6ACACCACCCAGCTCTGGT- 

GAACCTCCAAAATCAGGGGATCGCAGCGGCTACAGCAGCCCCGGCTCCCCAGGCACTCCCG- 

GCAGCCGCTCCCGCACCCCGTCCCTTCCAACCCCACCCACCCGGGAGCCCAAGAAGGTG- 

GCAGTGGTCCGTACTCCACCCAAGTCGCCGTCTTCCGCCAAGAGCCGCCTGCAGACAGC- 

CCCCGTGCCCATGCCAGACCTGAAGAATGTCAAGTCCAAGATCGGCTCCACTGAGAACCT- 

GAAGCACCAGCCGGGAGGCGGGAAGGTGCAGATAATTAATAAGAAGCTGGATCT- 

TAGCAACGTCCAGTCCAAGTGT6GCTCAAAGGATAATATCAAACACGTCCCGGGAGGCG- 

GCAGTGTGCAAATAGTCTACAAACCA6TTGACCTGAGCAAGGTGACCTCCAAGTGTGGCT- 

CATTAGGCAACATCCATCATAAACCAGGA(3GTGGCCAGGTGGAAGTAAAATCTGAGAAGCT- 
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TGACTTCAAGGACAGAGTCCAGTCGAAGATTGGGTCCCTGGACAATATCACCCACGTCCCTG- 

GCGGAGGAAATAAA?y^GATTGAAACCCACAAGCTGACCTTCCGCGAGAACGCCAAAGC- 

CAAGACAGACCACGGGGCGGAG 

SEQ ID NO: 3 (277-999, R4) 

ATCGCCACACCGCGGGGAGCAGCCCCTCCAGGCCAGAAGGGCCAGGCCAACGCCACCAG- 

GATTCCAGCAAAAACCCCGCCCGCTCCAAAGACACCACCCAGCTCTGGTGAACCTCCAAAAT- 

CAGGGGATCGCAGCGGCTACAGCAGCCCCGGCTCCCCAGGCACTCCCGGCAGC- 

CGCTCCCGCACCCCGTCCCTTCCAACCCCACCCACCCGGGAGCCCAAGAAG6TGGCAGTG- 

GTCCGTACTCCACCCAAGTCGCCGTCTTCCGCCAAGAGCCGCCTGCAGACAGCCCCCGTGC- 

CCATGCCAGACCTGAAGAATGTCAAGTCCAAGATCGGCTCCACTGA6AACCTGAAGCACCA6C- 

CGGGAGGCGGGAAGGTGCAGATAATTAATAAGAAGCTGGATCTTAGCAACGTCCAGTCC^ 

GTGGCTCAAAGGATAATATCAAACACGTCCCGGGAGGCGGCAGTGTGCAAATAGTCTACAAAC- 

CAGTTGACCTGAGCAAGGTGACCTCCAAGTGTGGCTCATTAGGCAACATCCATCATAAACCAG- 

GAGGTGGCCAGGTGGAAGTAAAATCTGAGAAGCTTGACTTCAAGGACA- 

GAGTCCAGTCGAAGATTGGGTCCCTGGACAATATCACCCACGTCCCTGGCGGAG- 

GAAATAAAAAGATTGAAACCCACAAGCTGACCTTCCGCGAGAACGCCAAAGCCAAGACAGAC- 
CACGGGGCGGAG 

SEQ ID NO: 4 (205-1089 , R4) 

ATGGTCAGTAAAAGCAAAGACGGGACTGGAAGCGATGACAAAAAAGCCAAGGGGGCTGATG- 

GTAAAACGAAGATCGCCACACCGCGGGGAGCAGCCCCTCCAGGCCAGAAGGGCCA6GC- 

CAACGCCACCAGGATTCCAGCAAAAACCCCGCCCGCTCCAAAGACaCC^^ 

GAACCTCCTSAAATCy^GGGGATCGCAGCGGCTACAGCAGCCCCGGCTCCCC^^ 

GCAGCCGCTCCCGCACCCCGTCCCTTCCAACCCCACCCACCCGGGAGCCCAAGAAGGTG- 

GCAGTGGTCCGTACTCCACCCAAGTCGCCGTCTTCCGCCAAGAGCCGCCTGCAGACAGC- 

CCCCGTGCCCATGCCAGACCTGAAGAATGTCAAGTCCAAGATCGGCTCCACTGAGAACCT- 

GAAGCACCAGCCGGGAGGCGGGAAGGTGCAGATAATTAATAAGAAGCTGGATCT- 

TAGCAACGTCCAGTCCAAGTGTGGCTCAAAGGATAATATCAAACACGTCCCGGGAGGCG- 

GCAGTGTGCAAATAGTCTACAAACCAGTTGACCTGAGCAAGGTGACCTCCAAGTGTGGCT- 

CATTAGGCAACATCCATCATAAACCAGGAGGTGGCCAGGTGGAAGTAAAATCTGAGAAGCT- 

TGACTTCAAGGACAGAGTCCAGTCGAAGATTGGGTCCCTGGACAATATCACCCACGTCCCTG- 

GCGGAGGAAATAAAAAGATTGAAACCCACAAGCTGACCTTCC6CGAGAACGCCAAAGC- 

CAAGACAGACCACGGGGCGGAGATCGTGTACAAGTCGCCAGTGGTGTCTGGG- 

GACACGTCTCCACGGCATCTCAGCAATGTCTCCTCCACCGGCAGCATCGACATGGTAGAC 

SEQ ID NO: 5 (277-1089, R4) 

ATCGCCACACCGCGGGGAGCAGCCCCTCCAGGCCAGAAGGGCCAG6CCAACGCCACCAG- 

GATTCCAGCAAAAACCCCGCCCGCTCCAAAGACACCACCCAGCTCTGGTGAACCTCCAAAAT- 

CAGGGGATCGCAGCGGCTACAGCAGCCCCGGCTCCCCAGGCACTCCCGGCAGC- 
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CGCTCCCGCACCCCGTCCCTTCCAACCCCACCCACCCGGGAGCCCAAGAAGGTGGCAGTG- 

GTCCGTACTCCACCCAAGTCGCCGTCTTCCGCCAAGAGCCGCCTGCAGACAGCCCCCGTGC^ 

CCATGCCAGACCTGAAGAATGTCAAGTCCAAGATCGGCTCCACTGAGAACCTGAAGCACCAGC- 

CGGGAGGCGGGAAGGTGCAGATAATTAATAAGAAGCTGGATCTTAGCAACGTCCAGTCCAAGT-- 

GTGGCTC AAAGG AT AAT ATC AAAC ACGTC C CGGGAGGCGGC AGTGTGC AAATAGTCTAC AAAC - 

CAGTTGACCTGAGCAAGGTGACCTCCAAGTGTGGCTCATTAGGCAACATCCATCATAAACCAG- 

GAGGTGGCCAGGTGGAAGTAAAATCTGAGAAGCTTGACTTCAAGGACA- 

GAGTCCAGTCGAAGATTGGGTCCCTGGACAATATCACCCACGTCCCTGGCGGAG- 

GAAATAAAAAGATTGAAACCCACAAGCTGACCTTCCGCGAGAACGCCAAAGCCAAGACAGAC- 

CACGGGGCGGAGATCGTGTACAAGTCGCCAGTGGTGTCTGGGGACACGTCTCCACGGCATCT- 

CAGCAATGTCTCCTCCACCGGCAGCATCGACATGGTAGAC 

SEQ ID NO: 6 (715-999, R4) 

ATCAAACACGTCCCGGGAGGCGGCAGTGTGCAAATAGTCTACAAACCAGTTGACCTGAGCAAG- 

GTGACCTCCAAGTGTGGCTCATTAGGCAACATCCATCATAAACCAGGAGGTGGCCAGGTG-'* 

GAAGTAAAATCTGAGAAGCTTGACTTCAAGGACAGAGTCCAGTCGAAGATTGGGTCCCTG- 

GACAATATCACCCACGTCCCTGGCGGAGGAAATAAAAAGATTGAAACCCACAAGCT- 

GACCTTCCGCGAGAACGCCAAAGCCAAGACAGACCACGGGGCGGAG 

SEQ ID NO: 7 (709-999, R4) 

GATAATATCAAACACGTCCCGGGAGGCGGCAGTGTGCAAATAGTCTACAAACCAGTTGA^ 
GAGCAAGGTGACCTCCAAGTGTGGCTCATTAGGCAACATCCATCATAAACCAGGA ^ 
CAGGTGGAAGTAAAATCTGAGAAGCTTGACTTCAAGGACAGAGTCCAGTCGAAGAT^ 
GTCCCTGGACAATATCACCCACGTCCCTGGCGGAGGAAATAAAAA6ATTGAAACCCACAAGCT- 
GACCTTCC6CGAGAACGCCAAAGCCAAGACAGACCACGGGGCGGAG 

SEQ ID NO: 8 (715-954, R4) 

ATCAAACACGTCCCGGGAGGCGGCAGTGTGCAAATAGTCTACAAACCAGTTGACCTGAGCAAG- 
GTGACCTCCAAGTGTGGCTCATTAGGCAACATCCATCATAAACCAGGAGGTGGCCAGGTG- 
GAAGTAAAATCTGAGAAGCTTGACTTCAAGGACAGAGTCCAGTCGAAGATTGGGTCCCTG- 
GACAATATCACCCACGTCCCTGGCGGAGGAAATAAAAAGATTGAAACCCACAAGCTG 

SEQ ID NO: 9 (741-930, R4) 

GTGCAAATAGTCTACAAACCAGTTGACCTGAGCAAGGTGACCTCCAAGTGTGGCTCATTAG- 
GCAACATCCATCATAAACCAGGAGGTGGCCAGGTGGAAGTAAAATCTGAGAAGCT- 

TGACTTCAAGGACAGAGTCCAGTCGAAGATTGGGTCCCTGGACAATATCACCCACGTCCCTG- 
GCGGA6GAAAT 



SEQ ID NO: 10 (91-966, R3) 
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ATGCACCAAGACCAAGAGGGTGACACGGACGCTGGCCTGAAAGCTGAAGAAGCAGGCATTG- 

GAGACACCCCCAGCCTGGAAGACGAAGCTGCTGGTCACGTGACCCAAGCTCGCATGGT- 

CAGTAAAAGCAAAGACGGGACTGGAAGCGATGACAAAAAAGCCAAGGGGGCTGATG- 

GTAAAACGA?IGATCGCCACACCGCGGGGAGCAGCCCCTCCAGGCCAGAAGGGCCAGGC- 

CAACGCCACCAGGATTCCAGCAAAAACCCCGCCCGCTCCAAAGACACCACCCAGCTCTGGT- 

GAACCTCCAAAATCAGGGGATCGCAGCGGCTACAGCAGCCCCGGCTCCCCAGGCACTCCCG- 

GCAGCCGCTCCCGCACCCCGTCCCTTCCAACCCCACCCACCCGGGAGCCCAAGAAGGTG- 

GCAGTGGTCCGTACTCCACCCAAGTCGCCGTCTTCCGCCAAGAGCCGCCTGCAGACAGC- 

CCCCGTGCCCATGCCAGACCTGAAGAATGTCAAGTCCAAGATCGGCTCCACTGAGAACCT- 

GAAGCACCAGCCGGGAGGCGGGAAGGTGCAAATAGTCTACAAACCAGTTGACCTGAGCAAGGT- 

GACCTCCAAGTGTGGCTCATTAGGCAACATCCATCATAAACCAGGAGGTGGCCAGGT6- 

GAAGTAAAATCTGAGAAGCTTGACTTCAAGGACAGAGTCCAGTCGAAGATTGGGTCCCTG-- 

GACAATATCACCCACGTCCCTGGCGGAGGAAATAAAAAGATTGAAACCCACAAGCT- 

GACCTTCCGCGAGAACGCCAAAGCCAAGACAGACCACGGGGCGGAGATCGTGTACAAGTCGC- 

CAGTGGTGTCTGGGGACACGTCTCCACGGCATCTCAGCAATGTC 

SEQ ID NO: 11 (205-906, R3) 

ATGGTCAGTAAAAGCAAAGACGGGACTGGAAGCGATGACAAAAAAGCCAAGGGGGCTGATG- 

GTAAAACGAAGATCGCCACACCGCGGGGAGCAGCCCCTCCAGGCCAGAAGGGCCAGGC- 

CAACGCCACCAGGATTCCAGCAAAAACCCCGCCCGCTCCAAAGACACCACCCAGCTCTGGT- 

GAACCTCCAAAATCAGGGGATCGCAGCGGCTACAGCAGCCCCGGCTCCCCAGGCACT^ 

GCAGCCGCTCCCGCACCCCGTCCCTTCCAACCCCACCCACCCGGGAGCCCAAGAAGGTG- 

GCAGTGGTCCGTACTCCACCCAA6TCGCCGTCTTCCGCCAAGAGCCGCCTGCAGACA6C- 

CCCCGTGCCCATGCCAGACCTGAAGAATGTCAAGTCCAAGATCGGCTCCACTGAGAACCT- 

GAAGCACCAGCCGGGAGGCGGQAAGGTGCAAATAGTCTACy^AACCAGT^ 

GACCTCCAAGTGTGGCTCATTAGGCAACATCCATCATAAACCAGGAGGTGGCCAGGTG- 

GAAGTAAAATCTGAGAAGCTTGACTTCAAGGACAGAGTCCAGTCGAAGATTGGGTCCCTG- 

GACAATATCACCCACGTCCCTGGCGGAGGAAATAAAAAGATTGAAACCCACAAGCT- 

GACCTTCCGCGAGAACGCCAAAGCCAAGACAGACCACGGGGCGGAG 

SEQ ID NO: 12 (277-906, R3) 

ATCGCCACACCGCGGGGAGCAGCCCCTCCAGGCCAGAAGGGCCAGGCCAACGCCACCAG- 

GATTCCAGCAAAAACCCCGCCCGCTCCAAA6ACACCACCCAGCTCTGGTGAACCTCCAAAAT- 

CAGGGGATCGCAGCGGCTACAGCAGCCCCGGCTCCCCAGGCACTCCCGGCAGC- 

CGCTCCCGCACCCCGTCCCTTCCAACCCCACCCACCCGGGAGCCCAAGAAGGTGGCAGTG- 

GTCCGTACTCCACCCAAGTCGCCGTCTTCCGCCAAGAGCCGCCTGCAGACAGCCCCC6TGC- 

CCATGCCAGACCTGAAGAATGTCAAGTCCAAGATCGGCTCCACTGAGAACCTGAAGCACCAGC- 

CGGGAGGCGGGAAGGTGCAAATAGTCTACAAACCAGTTGACCTGAGCAAGGTGACCTCCAAGT- 

GTGGCTCATTAGGCAACATCCATCATAAACCAGGAGGTGGCCAGGTGGAAGTAAAATCT- 

GAGAAGCTTGACTTCAAGGACAGAGTCCAGTCGAAGATTGGGTCCCTGGACAATATCAC- 



wo 2004/007722 PCT/EP2003/007390 

- 11 - 

CCACGTCCCTGGCGGAGGAAATAAAAAGATTGAAACCCACAAGCTGACCTTCCGCGAGAACGC- 
CAAAGCCAAGACAGACCACGGGGCGGAG 

SEQ ID NO: 13 (205-995, R3) 

ATGGTCAGTAAAAGCAAAGACGGGACTGGAAGCGATGACAAAAAAGCCAAGGGGGCTGATG- 

GTAAAACGAAGATCGCCACACCGCGGGGAGCAGCCCCTCCAGGCCAGAAGGGCCAGGC- 

CAACGCCACCAGGATTCCAGCAAAAACCCCGCCCGCTCCAAAGACACCACCCAGCTCTGGT- 

GAACCTCCAAAATCAGGGGATCGCAGCGGCTACAGCAGCCCCGGCTCCCCAGGCACTCCCG- 

GCAGCCGCTCCCGCACCCCGTCCCTTCCAACCCCACCCACCCGGGAGCCCAAGAAGGTG- 

GCAGTGGTCCGTACTCCACCCAAGTCGCCGTCTTCCGCCAAGAGCCGCCTGCAGACAGC- 

CCCCGTGCCCATGCCAGACCTGAAGAATGTCAAGTCCAAGATCGGCTCCACTGAGAACCT- 

GAAGCACCAGCCGGGAGGCGGGAAGGTGCAAATAGTCTACAAACCAGTTGACCTGAGCAAG^ 

GACCTCCAAGTGTGGCTCATTAGGCAACATCCATCATAAACCAGGAGGTGGCCAGGTG- 

GAAGTAAAATCTGAGAAGCTTGACTTCAAGGACAGAGTCCAGTCGAAGATTGGGTCCCTG- 

GACAATATCACCCACGTCCCTGGCGGAGGAAATAAAAAGATTGAAACCCACAAGCT- 

GACCTTCCGCGAGAACGCCAAAGCCAAGACAGACCACGGGGCGGAGATCGTGTACAAGTCGC- 

CAGTGGTGTCTGGGGACACGTCTCCACGGCATCTCAGCAATGTCTCCTCCACCG- 

GCAGCATCGACATGGTAGAC 



SEQ, ID NO: 14 (277-996, R3) 

ATCGCCACACCGCGGGGAGCAGCCCCTCCAGGCCAGAAGGGCCAGGCCAACGCCACCAG- 

GATTCCAGCAAAAACCCCGCCCGCTCCAAAGACACCACCCAGCTCTGGTGAACCTCCAAAAT.- 

CAGGGGATCGCAGCGGCTACAGCAGCCCCGGCTCCCCAGGCACTCCCGGCAGC- 

CGCTCCCGCACCCCGTCCCTTCCAACCCCACCCACCCGGGAGCCCAAGAAGGTGGCAGTG- 

GTCCGTACTCCACCCAAGTCGCCGTCTTCCGCCAAGAGCCGCCTGCAGACA6CCCCCGTGC- 

CCATGCCAGACCTGAAGAATGTCAAGTCCAAGATCGGCTCCACTGAGAACCTGAAGCACCAGC- 

CGGGAGGCGGGAAGGTGCAAATAGTCTACAAACCAGTTGACCTGAGCAAGGTGACCTCCAA6T- 

GTGGCTCATTAGGCAACATCCATCATAAACCAGGAGGTGGCCAGGTGGAAGTAAAATCT- 

GAGAAGCTTGACTTCAAGGACAGAGTCCAGTCGAAGATTGGGTCCCTGGACAATATCAC- 

CCACGTCCCTGGCGGAGGAAATAAAAAGATTGAAACCCACAAGCTGACCTTCCGCGAGAACGC- 

CAAAGCCAAGACAGACCACGGGGCGGA6ATCGTGTACAAGTCGCCAGTGGTGTCTGGG- 

GACACGTCTCCACGGCATCTCAGCAATGTCTCCTCCACCGGCAGCATCGACATGGTAGAC 

The truncated tau sequences may be adapted due to the specific 
host cell whereto the construct is transferred (codon usage, 
codon preferences, homolog adaptations (exchanging one or more 
of the human codons with the host cell codon, if differences are 
present) . 



Preferred features of the constructs: 
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The above cDNA sequences are linked to regulatory sequences in 
order to drive an expression of truncated tau protein in the 
brain. Modification of Thy-l gene (25) was performed in such a 
way that regulatory sequence, which directs an expression into 
T-cells was deleted and truncated cDNA sequence was introduced 
in between Spe-I and Xho-restriction sites. The modified con- 
struct was stripped of prokaryotic sequences and introduced into 
male pronucleus via microinjection. Any functional promoters or 
promoter-enhancer complexes may be used for expression of above 
described truncated tau cDNAs . 

According to another aspect, the present invention provides a 
method for the preparation and testing of molecules according to 
the present invention, characterized by the following steps: 

(a) construction of a recombinant prokairyotic cloning plasmids 
carrying coding sequences for a doiible truncated tau molecule 
with deletions covering at least the first first 3 0 and the 
last 30 nucleotides of three or four repeat tau cDNA mo- 
lecules, 

(b) construction of an eukaryotic escpression plasmid carrying ap- 
propriate promoters for brain expression or tibiquitous expres- 
sion and respective cDNA sequences of truncated tau molecules 
and the combination thereof, 

(c) growing bacteria containing said plasmids and amplification, 
of the plasmids and their extraction in high quantity, 

(d) transf ection of said gene constructs into COS-7 cells and 
their analysis using western blot technique, 

(e) isolation and purification of the gene construct such that 
all prokaryotic sequences are excluded, and dilution of trans - 
genes in a buffer in concentration suitable for microinjection 
(see Example 1), 

(f) verification of gene constructs intended for microinjection. 

This is performed by restriction analysis, gene sequencing and 
protein analysis after transient transf ections into mammalian 
cells after which the correct size of proteins and their react- 
ivity with specific monoclonal antibodies were evaluated (see 
Example 1, Fig. 2.b). 
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The present invention therefore provides a transgenic non-human 
animal of whose germ and/or somatic cells comprise the DNA con- 
struct encoding for Alzheimer's tau protein, which can be used 
as a suitable animal model of Alzheimer's disease. 



It is therefore an object of the present invention to provide a 
transgenic non-human animal all of whose germ and/or somatic 
cells comprises the hiaman truncated tau cDNA molecules. Cloned 
human Alzheimer's tau cDNA sequence is linked to a promoter se- 
quence, which directs the expression of Alzheimer's tau in tis- 
sue specific manner or ubiquitously. 

Transgenic animals of the invention are engineered using well 
known regular procedures of microinjection, into the male pro- 
nucleus of one day old fertile embryos of rats. The transgenes 
can be introduced into embryonic cells also by other methods . 
known in the art, including transf ection, lipofection, electro- 
poration and with the help of retroviruses or by other means. 
Embiryos carrying the transgene can then be implanted into 
pseudopregnant animals . 

It is therefore an object of invention to provide a method for. 
genotyping of newborn animals. PGR analysis using specific oli- 
gonucleotides that allow an amplification of targent sequences 
of the transgene is therefore employed for this purpose. Oligo- 
nucleotides used for genotyping were designed in a way that the 
transcription initiation site of the transgene including the ATG 
codon and Kozak sequence could be verified eventually by DNA se- 
quencing of the PGR product (primer pair A) . Moreover one primer 
was anneals to the heterogeneous promoter and another primer an- 
neals to nucleotide sequence coding for Alzheimer's tau protein. 
Similar designing criteria were applied for the stop codon 
(primer pair B) . Integrity of the transgene therefore can be 
monitored this way. Sequences of the diagnostic oligonucleotides 
are therefore as follows : 

Primer pair A: 

Sense: 5 ' -GTGGATGTGAAGGCCTGAAG-3 ' 

Antisense : 5 • -GATCCCCTGATTTTGGAGGT-3 ' 

Expected size of PGR product is 235 nucleotides. 
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Primer pair B 

Sense: 5'- AAGGTGACCTCCAAGTGTGG- 3' 

Antisense: 5'- GGTATGCATGGAGGGAGAAG- 3' 

Expected size of PGR product is 43 8 nucleotides. 

Presence of the PGR fragment is therefore specific to animals 
with transgene integrated in the genome (see Example 2) 

The founder animals can be used for breeding with wild-type an- 
imals to produce Fl generation of animals, which are heterozyg- 
ous for the transgene. In further embodiments, these heterozyg- 
ous animals can be interbred to obtain the viable transgenic em- 
bryos whose somatic and germ cells are homozygous for the genes 
coding for Alzheimer's tau protein. 

Another object of the present invention is to provide non- human 
animals of which germ and somatic cells transiently or stably 
express said DNA construct coding for Alzheimer's tau protein 
and exhibiting NF pathology in the brain. The preferred animal 
of this invention is a rat, wherein the protein encoded by said 
DNA molecules is expressed in the brain. 

The most preferred embodiment of the present invention is a 
transgenic non-human animal wherein the Alzheimer ' s tau protein 
encoded by said DNA molecules is expressed in the brain of the 
animal. The expression of Alzheimer's tau was detected by sever- 
al monoclonal antibodies as described in Example 3 and docu- 
mented on Fig. 3. Expression of the protein in different brain 
regions of transgenic lineage is documented on Fig. 4. 

The present invention therefore provides a transgenic non-human 
animal wherein DNA molecules coding for Alzheimer's tau protein 
are stably integrated in the genome of said animals or otherwise 
present in the cell nucleus in order to be transcribed. Said an- 
imals are characterized by the following features: 

- transgenes are transmitted to subsequent generations of anim- 
als according to Mendelian laws forming a transgenic lineage 
(see Example 4) 

- the inherited transgene is expressing truncated proteins in 
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brains of the founder animals and the progeny as shown in Ex- 
ample 3 Fig. 4. 

The present invention therefore provides the transgenic non-hu- 
man animals, which exhibit neurofibril larv pathology in the 
central nervous system (CNS) . Said animals are characterized by 
the following features : 

- Expression of trxincated tau proteins promotes the formation of 
neurofibrillary pathology (Example 5) 

- PHP 1 immunoreactive NFTs showed that endogenous normal rat 
tau participate on the formation of NFTs (Example 5) 

- Neurofibrillary tangles are present as intracellular inclu- 
sions and filaments in the neurons of CNS and are homologous 
to NFT in human AD diseased brains . 

- Immunofluorescence revealed the presence of small - rod like 
structures similar to those observed in pre- clinical 
Alzheimer's disease - observed in human brain tissue (see Ex- 
air^le 5) . 

In the preferred embodiment of the invention, transgenic animals 
display such neuropathology as neurofibrillary tangles, ghost: 
tcuigles and neuropil threads that are formic acid sensitive. • 
Neurofibrillary tangles are composed of an abnormal acciimulation 
of intraneuronal filaments. The tangle components are comprised 
from Alzheimer's tau as well as normal tau molecules. Such 
transgenic animals serve as suitable model system for study of 
Alzheimer's disease and development of therapeutic, preventive 
and diagnostic substances. 

The invention provides a transgenic animal developing NF patho- 
logy, and having a genetic background allowing induction of risk 
factors associated with AD, thereby representing a disease model 
for humans . 

The present invention therefore provides a transgenic non-human 
animal, wherein the genetic background, in which DNA molecules 
are stably integrated in the genome of spontaneously hypertens- 
ive animal or otherwise present in the cell nucleus in order to 
be transcribed within the specific genetic background. 
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Anottier aspect of the invention is to provide an animal model 
comprising the combination of genetic factors and other risk 
factors associated with AD as follows: 

- hypertension which is the most common risk factors of AD, 

- diabetes which can be induced by diet (diabetes is important 
risk factor of AD) , 

- hypercholestrolemia which can be induced by diet (another im- 
portant risk factor of AD) • 

Said pathological situations can easily be induced in the 
provided animal model • Suitable examples were previously repor- 
ted in literature (e.g. in 26, 21, 28). 

Moreover the provided animal model is the first animal model, 
which expresses neurofibrillary pathology on the genetic back- 
ground of SHR. 

According to another aspect the present invention provides an 
animal, which represents an experimental model of sporadic 
Alzheimer's disease, said model permits an assessment of the 
role of risk factors associated with AD development • Risk 
factors play a critical role in the vast majority of AD cases, 
the model may therefore be considered as a model of sporadic AD 
which represents 90% of all cases of AD neurodegenerations • 

In another preferred embodiment, the present invention provides 
a screening assay system for stibstances for the treatment pre- 
vention and diagnosis of Alzheimer's disease, which comprises: 

- evaluation of substances by: 

• detecting changes of neurofibrillary pathology in said an- 
imals 

• measuring of neurobehavioural changes in transgenic anim- 
als 

• measuring of the cognitive score in transgenic animals 

• biochemical measuring of AD specific markers in animal 
tissues and body fluids 

- a validation system for substances for the treatment and pre- 
vention of tauopathies preferably AD 

- a validation system for the development of diagnostic markers 
and probes for the detection tauopathies, preferably AD 
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- a validation system for substances for treatment of hyperten-- 
sion, diabetes, dislipidaemia and hypercholesterolemia in com- 
bination with tauopathies preferably AD 

The present invention therefore provides an in-vivo assay to as- 
sess the efficacy of substances, or therapies in particular NFT 
reducing or preventing therapies. The animals can be used for 
screening of substances or therapies for neurodegenerative dis- 
eases, in particular tauopathies, preferably AD and other neuro- 
degenerative diseases accompanied by neurofibrillary tangles 
formation . 

Therefore the present invention provides a model system consist- 
ing of transgenic animals, cells and assays that are useful iii 
the study of the etiology and treatment of Alzheimer's disease. 
The assays are also useful for screening for substances that in- 
hibit the formation of neurofibrillary pathology and other 
—therapeutic effects of the substances. 

The transgenic animals of the present invention and animal cells 
derived thereof are used for screening compounds for a potential 
effect in the treatment of Alzheimer's disease using standard 
methodologies . The compound is administered to the animals or 
introduced into, the culture media over a period of time and in 
various dosages, then the animals or animal cells are examined 
for alterations in histopathology and Alzheimer's tau expression 
respectively. Furthermore, the ability to perform neurobehavi- 
oural testing to the transgenic animals enables cognitive func- 
tion to be monitored following treatment with potential thera- 
peutic agents. Screening of compounds leads to the selection of 
specific agents for the prevention or treatment or diagnosis of 
Alzheimer's disease. Many variations of screening methods are 
known to those skilled in the art and may be applied within the 
scope of the present invention. 

The transgenic animal model of the present invention may also be 
used to unravel the molecular cascade of events leading to 
neurodegeneration and Alzheimer's disease such that therapeutic 
targets may be identified. 
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Still another aspect of the invention is to provide an in vitro 
assay based on cell lines derived from a transgenic animal or 
cell line derived from a transgenic rat embryo of the present 
invention, where the said assay is employed as a screening and 
validation tool for the discovery and development of Alzheimer's 
diagnosis and markers . Said in vitro assay is based on the cell 
lines and may also be employed as a screening and validation 
tool for the discovery of anti Alzheimer's therapeutic and pre- 
ventive drugs • 

The following examples are presented by the way of illustration 
and, because various other embodiments will be apparent to those 
in the art, the following is not to be construed as a limitation 
on the scope of the invention. 

BRIEF DKSCRXPTXON OF THE FX6URES 

Fig. 1 

Scheme of Alzheimer's tau protein cDNAs employed for engineering 
of gene expression constructs, which were used in production of 
transgenic animals of the present invention. 

Fig. 2 Preparation and verification of gene constructs used for 
the production of transgenic animals. Construction of transgenic 
animals was performed via pronuclear microinjection of cloned 
gene constructs containing coding sequence for Alzheimer's tau. 
Gene constructs were verified by restriction analysis and PGR 
using transgene specific primers (panel A, agarose gel of PGR 
amplified and DNA fragment) as well as by DNA sequencing in or- 
der to control for potential mutations . Verification was fol- 
lowed by purification of gene constructs (panel B, agarose gel 
of pure transgene fragment) and transient trans fee tions into 
mammalian cells (panel C, Western blot verification of protein 
expression) . After the assays were completed the constructs were 
stripped of prokaryotic sequences and injected into one -day old 
rat embryos- The bottom flow chart shows a simplified procedure 
of transgenic animals production. 

Fig. 3 Genotyping of transgenic founder animals and Fl genera- 
tion of transgenic animals . Panel "A" shows controls for the 
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genotyping experiment (+C, positive control; NAC, no amplifica- 
tion control; NTC, no template control) . Panel "B" shows results 
of PGR genotyping. Sample niomber 12 represents a transgene pos- 
itive animal Panel "C" outlines the breeding experiments per- 
formed to confirm founder animals . Furthermore the panel shows 
transgenic line of the present invention that has transmitted 
the transgene to the subsequent generations according to 
Mendelian lows. 

Fig. 4 

Expression of Alzheimer's tau protein in brain of transgenic 
rat. The left panel represents a Western blot analysis and right 
panel is presenting total amount of proteins loaded per lane. 
Alzheimer's tau protein migrates at the size of 35kD (lane 1, 
arrow), detected by pan-tau monoclonal cintibody DC25. For West- 
em blot an ECL technique was employed, and specific signal was 
observed after Imin exposure. The 7,5 ug of total protein ex- 
tract from brain lysates of transgenic animal was loaded (lane 
1) whereas 25 ug of proteins was loaded from 
wild type control animals. molecular size marker. 



Expression of Alzheimer's tau protein in different brain regions 
of transgenic rat. Western blot analysis of total protein ly- . 
sates from transgenic rat brain regions . Lane 1 , complete brain 
lysate of founder animal (generation FO) - lOug proteins; lane 
2, total brain lysate of transgenic animal of F2 generation; 
lanes 3-6, protein lysates from transgenic animal of F2 genera- 
tion: 3 - hippocaitpus, 4 - siibcortical area, 5 - cerebral cor- 
tex, 6 - spinal cord and medulla; lane 7- 8 represent brain ly- 
sates from control non- trans genie littermates of F2 generation: 
7 - cortex, 8 - cerebellum (Total protein load per lanes 2-8 was 



Fig. 6 

Silver staining of brain sections from transgenic animal and non 
- transgenic control wild type animal. Intracellular inclusions 
and neurofibrillary filaments were detected in the neurons of 
the CNS of transgenic rat, (panel B and C, transgenic animal) . 
Wild type rats do not show these structures in the homologous 



Fig. 5 



20ug) . 
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brain area (A, wild type control) . Magnification: 200x (A and 
B) , 400 X (C) 

Fig. 7 

Detection of neurofibrillary tangles using the pan-tan mono- 
clonal antibody DC 25 in central nervous system of transgenic 
animal. mAb DC25 recognizes NFTs in the neurons of AD patients. 
The equivalent structures are recognized in the brain of trans- 
genic rat (panel B and D) , Wild type rats did not show any sim- 
ilar structures in the homologous brain area, (A, C) . Magnifica- 
tion: lOOx (A,B), 200x (C, D) 

Fig. 8 

Detection of neurofibrillary tangles by monoclonal antibody PHF- 
1 in central nervous system of the transgenic animal. PHF-1 is 
specific marker for tau phosphorylation. Immunoreactivity with 
this antibody shows that expression of Alzheimer's tau involves 
endogenous tau in the process of formation of NFTs. Furthermore, 
immixnof Increscent staining shows small rod like structures sim- 
ilar to those observed in pre-clinical Alzheimer's disease brain 
tissues. Magnification: lOOx (A), 200x (B) , lOOOx (C, D) 

Fig. 9 

Neuronal cell culture as a screening assay system for character- 
ization of therapeutic leads and drug candidates. Primary cul- 
tures of transgenic and nontransgenic rat neurons can be used 
for this purpose after in vitro cultivation and effect of the 
drug candidates on the mitochondrial trgmsport can be evaluated 
using videomicroscopy. Cortical (Cx) and and hippocampal (Hipp) 
neurons loaded with vital dye (e.g. Mi to- trek) are shown after 3 
days in vitro cultivation (3DIV) . Mitochondria (MT) are visual- 
ized. 

Fig. 10 

Hi stophatho logical features of Alzheimer's disease, recapitu- 
lated in transgenic animal of present invention. Presented neu- 
rof ibrillaary pathology is one of the major hallmark of 
Alzheimer's disease. Fig. 10 shows a comparison of neurofibril- 
lary tangles detected by Gallyas silver technique (A, C) and 
also by immunohistochemistry (E) in AD diseased human brain, to 
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the equivalent pathological structures observed in transgenic 
animal of present invention. Inununochemical staining was per- 
formed with monoclonal antibody 7.51 which recognizes generic 
tau epitope in the tandem repeat region (29) . 

EXAMPLES 

EXa^MPIiE 1; Design of gene constructs containing DNA se<iuence 
coding for Alzlieimer's tau protein - human tzruncated tau gene; 
engineering and verification of gene constructs for ubiquitous 
and tissue specific expression in transgenic animals. 

Construction of Alzheimer's tau expression vectors consist of 
procedures that include: 

- design of coding sequence especially deletions and truncati-ons 
are shown in 1 . 

- these portions of tau gene were PGR amplified with the help-of 
proofreading DNA polymerase and oligonucleotides equipped with 
appropriate restriction sequences, so that they can be cloned 
under general or tissue specific promoters in an eukaryotic 
expression vector, cloning was performed using standard pro- 
cedures in a common bacterial strains 

- verification of cloned genes was performed in order to check 
directionality of the inserted gene which was confirmed by re- 
striction digestions and or PCR analysis (Pig. 2A) . In addi- 
tion, the constructs were partially sequenced to exclude the 
possible mutated forms 

- purification of fragment intended for microinjection (Fig. 2B) 

- verification of protein expression using trans fections of 
transgene into mammalian cells, mainly COS-7 and C6 rat glioma 
cells, and analysis of expression of proteins in a eukaryotic 
cells by western blot method (Fig. 2C) . 

All the methods are described in a manual: Sambrook et al.. Mo- 
lecular Cloning, A Laboratory Manual, Cold Spring Harbor Labor- 
atory Press, 1989 (14). 

EXAMPLE 2: Production of transgenic rat 



Cloned gene construct containing Alzheimer's tau coding sequence 
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was injected into male pronucleus of one day old embryos. Fer- 
tilized eggs were extracted from SHR donor females in separate 
experiments using routine techniques (15) . After microinjecting 
of DNA, the zygotes were in vitro cultured in CO2 incubator for 
about 12 hours and implanted into oviductus of pseudopregnant 
foster mothers. Founders were identified by PGR of transgene 
specific target sequence from genomic DNA. To determine the tau 
genotypes, genomic DNA was purified from about 0.5 cm of tail 
taken from each rat. PGR analysis, was used to identify off- 
spring which contained the transgene. Oligonucleotides for dia- 
gnostic PGR screening were designed in such a way that integrity . 
of the transgene could be easily determined. For determination 
of number of transgene copies integrated in rat genome a real 
time PGR analysis was used. 

For example Tg line #318 contained 4 copies of the transgene, 
which was determined by real time PGR using Sybre Green method 
and BioRad PGR machine. 

EXAMPItE 3: Genotyping of animals bom aftier embryo linplant:at:lon 
into foster mothers, identification of transgrenic animals and 
assessment of transmission of the transgene to subseg^uent gener- 
ations 

DNA extracted from tail tips: Genomic DNA was extracted by 
DNeasy tissue kit, Qiagen. 

Genotyping: Specific amplification of transgenes encoding doxible 
truncated tau forms was performed on genomic DNA derived from, 
the parental generation of transgenic animals and is shown in 
Figure 3A and 3B. Further analysis of genomic DNA of the Fl gen- 
eration revealed that transgenes are heritable since they were 
also identified in the offspring of parental generation, Trans- 
genes encoding Alzheimer's tau are therefore fixed in chromo- 
somal DNA of the animals, Genotyping was performed with two pos- 
itive (plasmid and TG positive genomic DNA) and two negative 
controls (no amplification control heterologous genomic DNA; no 
template control for control of chemicals) as it is shown in 
Fig. 3A. 

Analysis of transgene expression: Expression of mRNA derived 
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from the transgenes were assessed by RT-PCR analysis, applying 
generally known methods including RT-PCR and agarose gel elec- 
trophoresis. RNA was extracted from flash frozen tissue of 
transgenic animals and subjected to reverse transcription fol- 
lowed by specific amplification of the cDNA. 

Rat breeding and generation of heterozygous and homozygous rats: 
Transgene positive rats were bred to wild- type SHR.Germline 
transmission was achieved in several lines. In this example Tg 
line #318 is shown. Male and female transgenic rat, each of 
which contained four copies of the truncated human tau protein 
gene were mated with each other and wild type SHR rat to expand 
transgenic colony. Mendelian splitting ratios of transgene in 
the offspring were observed (Fig. 3C) . 

The transgenic animals of the present invention can be used to 
cross breed with transgenic animals over expressing the human APP 
containing familial Alzheimer's disease (FAD) mutation or PSl 
(13) . The resulting rat will express both APP and PSl with or 
without FAD mutation on hypertensive genetic background. The ef- 
fect of PSl and APP on NFT formation can be studied both in vivo 
and in vitro. Specifically, the onset and severity of AD-related 
pathologies can be examined by means of immounhistochemistry. 

EXAMPLE 4: Escpresslon of Alzheimer's t:au protein in the brain of 
transgenic rats 

Protein expression was performed using westera blot analysis 
employing tau protein specific monoclonal antibodies . We have 
analysed brain tissues of rats that were geneticaly positive for 
transgene and were aible to transmit the transgene to subsequent 
generations . Experiments were controled by simultaneous analysis 
of brain extracts from transgene negative age matched rats and 
transgene negative littermates. 

Tissue sample preparation: approximately 2mg of freshly isolated 
brain tissue was mechanically homogenized in 30|Lil modified Hunt's 
lysis buffer (20mM Tris, pH 8.0, lOOmM NaCl, ImM EDTA, 0.5% Ige- 
pal CA630, 0.5% Triton X-100) , which contained protease inhibit- 
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or mix Complete-EDTA free (Roche) . IVOjLil of lysis buffer were ad- 
ded, homogenate was triturated with syringe and needle (22G) and 
frozen in liquid nitrogen. After slow thawing on ice, lysate was 
sonicated and centrifuged 15 minutes, lOOOOg at +4^C. Protein 
content in samples was determined by Bradford assay using Beck- 
man spectrophotometer. 

PAGE and Western blot. Proteins were separated on 12% denaturing 
polyacrylamid gel with 0.1% (w/V) SDS. Electrophoresis was per- 
formed in Tris-glycin buffer (25iriM Tris, 192iriM glycin, 0.1% 
SDS) . Protein separation was followed by semi-diry blotting. 
Tris-glycin- is opropanol buffer system (25mM Tris, 192inM glycin, 
20 % Isopropanol) was used. Tau proteins were stained with anti- 
tau monoclonal antibodies DC25 which recognize tau proteins 
equally as a mAb 7.51 (29) and also with mAb Tau-1 (21). The 
positive signal was determined using anti-mouse HRP antibody and 
ECL method. Efficiency of blotting procedure was controled by 
Ponceau staining. Protein analysis has revealed the specific ex- 
pression of Alzheimer's tau protein in total protein extract of 
brain of transgenic rat (Fig. 4) and also an Expression of 
Alzheimer's tau protein in different brain regions of transgenic 
rat (Fig. 5) . 

EX2^SlPIiE 5: Iimnunoliistoclieiaical analysis o£ brain of transgenic 
rat* 

In order to perform immunohistochemical analysis of transgenic 
rat, several tau protein and Alzheimer specific monoclonal anti- 
bodies were used. Short description of monoclonal antibodies em- 
ployed in these studies include PHF 1, which recognizes phos- 
phorylated epitope Ser 396 - Ser 404; mAb DC 25 recognizes phos- 
phate independent epitope Lys347 - lie 353; mAb AT 8 recognizes 
phosphorylated epitope Ser 198 - Ser 202; mAb Tau 1 recognizes 
non- phosphorylated epitope, mAb Tau 5 recognizes phosphate 
independent epitope- (15, 16, 17, 18, 19, 20, 21, 22) 

Light microscopy and immunofluorescence; 

Tissues were prepared and sectioned as follows . Transgenic and 
control animals were anaesthetized with ether and immediately 
perfused intracardially with buffered 4 % paraformaldehyde. 
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brains were removed, cryoprotected with 20 % sucrose, qxiickly 
frozen and sectioned by cryostat at 50 pm thickness. Some of the 
sections were shortly pretreated with 70 % formic acid prior 
staining procedure. Rat brain tissue sections were incubated 
with 1 % H2O2 in PBS and non- specific binding sites were 
blocked with incubation in blocking medium (PBS, 0, 1 % Triton, 
5 % normal horse serum) . The immimostaining was perfoirmed using 
antibodies listed above, then incubated with biotinylated horse 
anti- mouse antibody, followed by avidin- biotin complex and 
visualized with VIP and DAB solution. Tissue sections were moiin- 
ted on gelatin- coated slides, dried, treated with graded alco- 
hols, xylene and coverslipped with Entellan. 

Silver staining: 

Gallyas silver staining method that has been described previ- 
ously (23) was adapted for free floating 50 vuti sections, with 
gold toning. 

Immunof lucres cent staining: 

For indirect immuno fluorescent labeling, sections were pre- 
treated with 1 % NaHB04 for 30 min. to reduce brain tissue auto- 
fluorescence. Then stained with primary antibodies at 4 
overnight, incubated with a horse anti mouse biotinylated anti- 
body, followed by streptavidin- Alexa 488 conjugate. 

Comparison of NF pathology as seen in the brains of patients 
suffering from AD with those observed in the brain of transgenic 
cinimal of present invention is represented in Fig. 10. 

EXAMPLE 6: A screening assay systems and for drug leads and drug 
candidates for the treatment and prevention of Alzheimer^ s dis- 
ease 

The transgenic animals of the present invention can be used as a 
source of cells for cell culture. Both animals and cells can be 
used in assays of this invention. For example, cells of brain 
tissues expressing truncated tau gene can be cultured using 
standard culture techniques. The animals and cultured cells can 
be used as in vivo and in vitro systems for the study of the 
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role of drug candidates on cell architecture, cell division and 
apoptosis as well as a morphology of primary cultured neurons, 
sprouting of neurites, axon branching and axon elongation in 
primary cultures and also for investigation of organele movement 
(Fig. 9) . They can also be employed as a test system for neuro- 
trophic effects of tested substances. 

A study can be designed to screen for a quantitative or qualit- 
ative changes in an interaction of tau and tubulin and also in 
an interaction with organelle trafficking that ccin be modulated 
by tested substances. 

A study can also be designed to screen for compounds that modu- 
late the expression or activity of the cytoskeletal proteins in 
the process of building of synaptic connections . 

A study can be also designed to screen for the compounds that 
can affect of NFT formation or protein-protein interaction, 
which could eventually lead to slowing down, inhibiting or elim- 
ination of NFT formation and this could be useful assay for 
screening for substances with potential of therapeutics for 
tauopathies and other neurodegenerative disease preferably AD, 
Effect of the compounds can be evaluated in cell cultures and 
also in vivo on the animals by means of neuropathological , 
neurophysiological and behavioural analysis • Many variations of 
screening methods are known to those of skill in the art and may 
be applied within the scope of the present invention. 

These examples describe particular aspects and embodiments of 
the invention for illustrative purposes and are not limiting on 
the scope of the invention as listed in the claims below. 
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Claims : 

1. A DNA construct which comprises a cDNA molecule coding for N- 
and C- terminally truncated tau molecules, wherein 

- the molecules have truncated at least 30 nucleotides down- 
stream of the start codon and truncated at least the 3 0 nucle- 
otides upstream of the stop codon of the full length tau cDNA 
sequence coding for 4^repeat and 3-repeat tau protein, re- 
spectively , as given in Seq. accession niomber ]SI]yL.173727 in Gene- 
Bank 

- the minimally truncated tau core encompasses a protein frag- 
ment which is encoded by nucleotides nr 744 - 930 (seq ID No. 
9; numbered according to tau protein isofona 43) 

- said DNA constructs are coding for proteins, which have neur- 
ofibrillary (NF) pathology producing activity when expressed 
in brain cells of animals. 

2. A transgenic non-human animal of whose germ and/or somatic 
cells comprises the DNA construct according to claim 1. 

3. Non-human animal whose germ and somatic cells transiently or 
stably express said DNA construct according to claim 1, thereby 
exhibiting NF pathology in the brain . 

4. A transgenic non-human animal according to claim 2 or 3, 
preferably a rat, wherein the protein encoded by said DNA mo- 
lecules is expressed in the brain. 

5. Methods for genotyping of transgenic animals of any one of 
claims 2 to 4 using oligonucleotides specific for transgenic 
truncated tau according to claim 1. 

6. A transgenic animal according to claim 4, developing NF 
pathology, and having a genetic background allowing the induc- 
tion of risk factors associated with AD, thereby representing a 
disease model for humans. 

7- A transgenic non-human animal of claim 6, which represents an 
animal model of AD, and permits induction of hypertension as a 
risk factor of AD* 
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8 . A transgenic non-human animal of claim 6 , which represents an 
animal model of AD, and permits induction of diabetes as a risk 
factor of AD 

9. A transgenic non-human animal of claim 6, which represents an 
animal model of AD, and permits induction of hypercholester- 
olemia as a risk factor of AD. 

10. A screening assay system and validation system for sub- 
stances for the treatment, prevention and diagnosis of 
Alzheimer's disease which coitiprises: 

- evaluation of siibstances by: 

• detecting changes of neurofibrillar pathology in an animal 
according to any one of claims 2 to 4 and 6 to 9, 

• measuring of neurobehavioural changes in said animal, 

• measuring of the cognitive score in said animal, 

• - a validation system for substances for the treatment and pre- 
vention of tauopathies preferably AD, 

- a validation system for the development of diagnostic markers 
and probes for the detection tauopathies preferably AD, 

- a validation system for substances for the treatment of hyper- 
tension, diabetes, dislipidaemia and hypercholesterolemia in 
combination with tauopathies, preferably AD. 

11. An experimental model system according to claim 10 for 
identifying new drug targets in tauopathies and related neurode- 
generation processes prefereibly AD 

12 • Use of the animal according to any of claims 2-4 and 6-9 
as an in-vivo assay to test the efficacy of substances, or ther- 
apies, in particular neurofibrillary pathology reducing ther- 
apies . 

13. The use according to claim 12 wherein said substances or 
therapies are for neurodegenerative diseases, in particular 
tauopathies, preferably AD and other neurodegenerative diseases 
accompanied by neurofibrillary pathology. 

14. A cell line transformed with a construct according to claim 
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1 or being derived from a transgenic animal of any one of claims 

2 to 4 and 6 to 9 . 

15. A cell line according to claim 14, characterised in that the 
cell line is a rat cell line derived from a transgenic rat em- 
bryo. 

16. An in vitro assay comprising a cell line according to claim 
14 or 15/ where said assay is employed as a screening sind valid- 
ation tool for the discovery of therapeutic preventive and dia- 
gnostic compoxmds and markers for Alzheimer's disease. 
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SEQUENCE LISTING 

<110> Axon Neuroscience Forschungs- und Entwicklungs GmbH 

<120> Transgenic Animal Expressing Alzheimer's Tau Protein 

<130> R 41446 

<150> A 1053/2002 
<151> 2002-07-12 

<160> 15 

<170> Patentin version 3.1 

<210> 1 

<211> 969 

<212> DNA 

<213> human 

<400> 1 

atgcaccaag accaagaggg tgacacggac gctggcctga aagctgaaga agcaggcatt 60 

ggagacaccc ccagcctgga agacgaagct gctggtcacg tgacccaagc tcgcatggtc 120 

agtaaaagca aagacgggac tggaagcgat gacaaaaaag ccaagggggc tgatggtaaa 180 

acgaagatcg ccacaccgcg gggagcagcc cctccaggcc agaagggcca ggccaacgcc 240 

accaggattc cagcaaaaac cccgcccgct ccaaagacac cacccagctc tggtgaacct 300 

ccaaaatcag gggatcgcag cggctacagc agccccggct ccccaggcac tcccggcagc 360 

cgctcccgca ccccgtccct tccaacccca cccacccggg agcccaagaa ggtggcagtg 420 

gtccgtactc cacccaagtc gccgtcttcc gccaagagcc gcctgcagac agcccccgtg 480 

cccatgccag acctgaagaa tgtcaagtcc aagatcggct ccactgagaa cctgaagcac 540 
cagccgggag gcgggaaggt gcagataatt aataagaagc tggatcttag caacgtccag 
tccaagtgtg gctcaaagga taatatcaaa cacgtcccgg gaggcggcag tgtgcaaata 

gtctacaaac cagttgacct gagcaaggtg acctccaagt gtggctcatt aggcaacatc 720 

catcataaac caggaggtgg ccaggtggaa gtaaaatctg agaagcttga cttcaaggac 780 

agagtccagt cgaagattgg gtccctggac aatatcaccc acgtccctgg cggaggaaat 840 

aaaaagattg aaacccacaa gctgaccttc cgcgagaacg ccaaagccaa gacagaccac 900 

ggggcggaga tcgtgtacaa gtcgccagtg gtgtctgggg acacgtctcc acggcatctc 960 
agcaatgtc 

<210> 2 

<211> 795 

<212> DNA 

<213> human 



600 
660 



<400> 2 

atggtcagta aaagcaaaga cgggactgga agcgatgaca aaaaagccaa gggggctgat 



60 
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ggtaaaacga 


agatcgccac 


accgcgggga 


gcagcccctc 


caggccagaa 


gggccaggcc 


120 


aacgccacca 


ggattccagc 


aaaaaccccg 


cccgctccaa 


agacaccacc 


cagctctggt 


180 


gaacctccaa 


aatcagggga 


tcgcagcggc 


tacagcagcc 


ccggctcccc 


aggcactccc 


240 


ggcagccgct 


cccgcacccc 


gtcccttcca 


accccaccca 


cccgggagcc 


caagaaggtg 


300 


gcagtggtcc 


gtactccacc 


caagtcgccg 


tcttccgcca 


agagccgcct 


gcagacagcc 


360 


cccgtgcGca 


tgccagacct 


gaagaatgtc 


aagtccaaga tcggctccac tgagaacctg 


420 


aagcaccagc 


cgggaggcgg 


gaaggtgcag 


ataattaata 


agaagctgga 


tcttagcaac 


480 


gtccagtcca 


agtgtggctc 


aaaggataat 


atcaaacacg 


tcccgggagg 


cggcagtgtg 


540 


caaatagtct 


acaaaccagt 


tgacctgagc 


aaggtgacct 


ccaagtgtgg 


ctcattaggc 


600 


aacatccatc 


ataaaccagg 


aggtggccag 


gtggaagtaa 


aatctgagaa 


gcttgacttc 


560 


aaggacagag 


tccagtcgaa 


gattgggtcc 


ctggacaata 


tcacccacgt 


ccctggcgga 


720 


ggaaataaaa 


agattgaaac 


ccacaagctg 


accttccgcg agaacgccaa 


agccaagaca 


780 


gaccacgggg 


cggag 










795 


<210> 3 
<211> 723 

<212> DNA 
<213> hiiman 












<400> 3 
atcgccacac 


cgcggggagc 


agcccctcca 


ggccagaagg 


gccaggccaa 


cgccaccagg 


60 


attccagcaa 


aaaccccgcc 


cgctccaaag 


acaccaccca 


gctctggtga 


acctccaaaa 


120 


tcaggggatc 


gcagcggcta 


cagcagcccc 


ggctccccag 


gcactcccgg 


cagccgctcc 


180 


cgcaccccgt 


cccttccaac 


cccacccacc 


cgggagccca 


agaaggtggc agtggtccgt 


240 


actccaccca 


agtcgccgtc 


ttccgccaag 


agccgcctgc 


agacagcccc 


cgtgcccatg 


300 


ccagacctga 


agaatgtcaa 


gtccaagatc 


ggctccactg 


agaacctgaa 


gcaccagccg 


360 


ggaggcggga 


aggtgcagat 


aattaataag 


aagctggatc 


ttagcaacgt 


ccagtccaag 


420 


tgtggctcaa 


aggataatat 


caaacacgtc 


ccgggaggcg 


gcagtgtgca 


aatagtctac 


480 


aaaccagttg 


acctgagcaa 


ggtgacctcc 


aagtgtggct 


cattaggcaa 


catccatcat 


540 


aaaccaggag 


gtggccaggt 


ggaagtaaaa 


tctgagaagc ttgacttcaa 


ggacagagtc 


600 


cagtcgaaga 


ttgggtccct 


ggacaatatc 


acccacgtcc 


ctggcggagg 


aaataaaaag 


660 


attgaaaccc 


acaagctgac 


cttccgcgag 


aacgccaaag 


ccaagacaga 


ccacggggcg 


720 



gag 723 

<210> 4 
<211> 885 
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<212> DNA 
<213> human 












<400> 4 
atggtcagta 


aaagcaaaga 


cgggactgga 


agcgatgaca 


aaaaagccaa 




60 


ggtaaaacga 


agatcgccac 


accqcgaqaa 


gcagcccctc 






X ^ V/ 


aacgccacca 


ggattccagc 


aaaaaccccg 


cccgctccaa 


agacaccacc 


caoctctacrt 


1 fin 


gaacctccaa 


aatcagggga 


tcgcaqcqcfc 


tacagcagcc 


CCdCfCtCCCC 


a aaca ct r* r" c 




ggcagccgct 


cccgcacccc 


gtcccttcca 


accccaccca 


Vi* w ^ ^ CL^ 


v^MQ^ciciy y cy 




gcagtggtcc 


gtactccacc 


caagtcgccg 


t cttccgcca 


a cr a cr c c cr r* r* t" 


y w d y Q ci y 




cccgtgccca 


tgccagacct 


gaagaatgtc 


aaotccaaoa 

t-* Vi* W Wft ^2 




V- y a. y cLdi— u. t y 




aagcaccagc 


cgggaggcgg 


gaaggtgcag 


ataati'aata 




COL. CctyCoiaC 




gtccagtcca 


agtgtggctc 


aaaggataat 


atcaaana<7rr 




v--y y cagt y T-y 


34 U 


caaatagtct 


acaaaccagt 


tgacctgagc 


aaggtigaccti 


f ca a at* cri" rrn 


o *- wci L. udy y c« 




aacatccatc 


ataaaccagg 


acrcr t crcrc c a or 


cr t ncTPi PI nil a a 


54 54 1" r^'t" rta a 




n 


aaggacagag 


tccagtcgaa 


gattgggtcc 


ctggacaata 


tcacccacgt 


ccctggcgga 


720 


ggaaataaaa 


agattgaaac 


ccacaagctg 


accttccgcg 


agaacgccaa 


agccaagaca 


780 


gaccacgggg 


cggagatcgt 


gtacaagtcg 


ccagtggtgt 


ctggggacac 


gtctccacgg 


840 


catctcagca 


atgtctcctc 


caccggcagc 


atcgacatgg 


tagac 




885 



<210> 5 
<211> 813 
<212> DNA 
<213> human 

<400> 5 

atcgccacac cgcggggagc agcccctcca ggccagaagg gccaggccaa cgccaccagg 60 

attccagcaa aaaccccgcc cgctccaaag acaccaccca gctctggtga acctccaaaa 120 

tcaggggatc gcagcggcta cagcagcccc ggctccccag gcactcccgg cagccgct cc 180 

cgcaccccgt cccttccaac cccacccacc cgggagccca agaaggtggc agtggtccgt 240 

actccaccca agtcgccgtc ttccgccaag agccgcctgc agacagcccc cgtgcccatg 300 

ccagacctga agaatgtcaa gtccaagatc ggctccactg agaacctgaa gcaccagccg 360 

ggaggcggga aggtgcagat aattaataag aagctggatc ttagcaacgt ccagtccaag 420 

tgtggctcaa aggataatat caaacacgtc ccgggaggcg gcagtgtgca aatagtctac 4 80 

aaaccagttg acctgagcaa ggtgacctcc aagtgtggct cattaggcaa catccatcat 540 

aaaccaggag gtggccaggt ggaagtaaaa tctgagaagc ttgacttcaa ggacagagtc 600 

cagtcgaaga ttgggtccct ggacaatatc acccacgtcc ctggcggagg aaataaaaag 660 
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attgaaaccc acaagctgac cttccgcgag aacgccaaag ccaagacaga ccacggggcg 
gagatcgtgt acaagtcgcc agtggtgtct ggggacacgt ctccacggca tctcagcaat 
gtctcctcca ccggcagcat cgacatggta gac 



<210> 6 

<211> 285 

<212> DNA 

<213> human 

<400> 6 

atcaaacacg tcccgggagg cggcagtgtg caaatagtct acaaaccagt tgacctgagc 
aaggtgacct ccaagtgtgg ctcattaggc aacatccatc ataaaccagg aggtggccag 
gtggaagtaa aatctgagaa gcttgacttc aaggacagag tccagtcgaa gattgggtcc 
ctggacaata tcacccacgt ccctggcgga ggaaataaaa agattgaaac ccacaagctg 
accttccgcg agaacgccaa agccaagaca gaccacgggg cggag 



<210> 7 

<211> 291 

<212> DNA 

<213> human 

<400> 7 

gataatatca aacacgtCQc gggaggcggc agtgtgcaaa tagtctacaa accagttgac 
ctgagcaagg tgacctccaa gtgtggctca ttaggcaaca tccatcataa accaggaggt 
ggccaggtgg aagtaaaatc tgagaagctt gacttcaagg acagagtcca gtcgaagatt 
gggtccctgg acaatatcac ccacgtccct ggcggaggaa ataaaaagat tgaaacccac 
aagctgacct tccgcgagaa cgccaaagcc aagacagacc acggggcgga g 



<210> 8 

<211> 240 

<212> DNA 

<213> human 

<400> 8 

atcaaacacg tcccgggagg cggcagtgtg caaatagtct acaaaccagt tgacctgagc 
aaggtgacct ccaagtgtgg ctcattaggc aacatccatc ataaaccagg aggtggccag 

gtggaagtaa aatctgagaa gcttgacttc aaggacagag tccagtcgaa gattgggtcc 
ctggacaata tcacccacgt ccctggcgga ggaaataaaa agattgaaac ccacaagctg 



<210> 9 

<211> 189 

<212> DNA 

<213> human 



720 
780 
813 



60 
120 
180 
240 

285 



60 
120 
180 
240 
291 



60 
120 
180 
240 



<400> 9 

gtgcaaatag tctacaaacc agttgacctg agcaaggtga cctccaagtg tggctcatta 



60 
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ggcaacatcc atcataaacc aggaggtggc caggtggaag taaaatctga gaagcttgac 120 

ttcaaggaca gagtccagtc gaagattggg tccctggaca atatcaccca cgtccctggc 180 
ggaggaaat 189 



<210> 10 
<211> 876 
<212> DNA 
<213> human 












<400> 10 
atgcaccaag 


accaagaggg 


tgacacggac 


gctggcctga 


aagctgaaga 


agcaggcatt 


60 


ggagacaccc 


ccagcctgga 


agacgaagct 


gctggtcacg 


tgacccaagc 


tcgcatggtc 


120 


agtaaaagca 


aagacgggac 


tggaagcgat 


gacaaaaaag 


ccaagggggc 


tgatggtaaa 


180 


acgaagatcg 


ccacaccgcg 


gggagcagcc 


cctccaggcc 


agaagggcca 


ggccaacgcc 


240 


accaggattc 


cagcaaaaac 


cccgcccgct 


ccaaagacac 


cacccagctc 


tggtgaacct 


300 


ccaaaatcag 


gggatcgcag 


cggctacagc 


agccccggct 


ccccaggcac 


tcccggcagc 


360 


cgctcccgca 


ccccgtccct 


tccaacccca 


cccacccggg 


agcccaagaa 


ggtggcagtg 


420 


gtccgtactc 


cacccaagtc 


gccgtcttcc 


gccaagagcc 


gcctgcagac 


agcccccgtg 


480 


cccatgccag 


acctgaagaa 


tgtcaagtcc 


aagatcggct 


ccactgagaa 


cctgaagcac 


540 


cagccgggag 


gcgggaaggt 


gcaaatagtc 


tacaaaccag 


ttgacctgag 


caaggtgacc 


600 


tccaagtgtg 


gctcattagg 


caacatccat 


cataaaccag 


gaggtggcca 


ggtggaagta 


660 


aaatctgaga 


agcttgactt 


caaggacaga 


gtccagtcga 


agattgggtc 


cctggacaat 


720 


atcacccacg 


tccctggcgg 


aggaaataaa 


aagattgaaa 


cccacaagct 


gaccttccgc 


780 


gagaacgcca 


aagccaagac 


agaccacggg 


gcggagatcg 


tgtacaagtc 


gccagtggtg 


840 


tctggggaca 


cgtctccacg 


gcatctcagc 


aatgtc 






876 



<210> 11 

<211> 702 

<212> DNA 

<213> human 

<400> 11 

atggtcagta aaagcaaaga cgggactgga agcgatgaca aaaaagccaa gggggctgat 60 

ggtaaaacga agatcgccac accgcgggga gcagcccctc caggccagaa gggccaggcc 120 

aacgccacca ggattccagc aaaaaccccg cccgctccaa agacaccacc cagctctggt 180 

gaacctccaa aatcagggga tcgcagcggc tacagcagcc ccggctcccc aggcact ccc 240 

ggcagccgct cccgcacccc gtcccttcca accccaccca cccgggagcc caagaaggtg 300 

gcagtggtcc gtactccacc caagtcgccg tcttccgcca agagccgcct gcagacagcc 360 
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cccgtgccca tgccagacct gaagaatgtc aagtccaaga tcggctccac tgagaacctg 420 
aagcaccagc cgggaggcgg gaaggtgcaa atagtctaca aaccagttga cctgagcaag 4 80 
gtgacctcca agtgtggctc attaggcaac atccatcata aaccaggagg tggccaggtg 
gaagtaaaat ctgagaagct tgacttcaag gacagagtcc agtcgaagat tgggtccctg 
gacaatatca cccacgtccc tggcggagga aataaaaaga ttgaaaccca caagctgacc 
ttccgcgaga acgccaaagc caagacagac cacggggcgg ag 



540 
600 
660 
702 



60 



<210> 12 

<211> 630 

<212> DNA 

<213> himan 

<400> 12 

atcgccacac cgcggggagc agcccctcca ggccagaagg gccaggccaa cgccaccagg 

attccagcaa aaaccccgcc cgctccaaag acaccaccca gctctggtga acctccaaaa 120 

tcaggggatc gcagcggcta cagcagcccc ggctccccag gcactcccgg cagccgctcc 180 

cgcaccccgt cccttccaac cccacccacc cgggagccca agaaggtggc agtggtccgt 240 

actccaccca agtcgccgtc ttccgccaag agccgcctgc agacagcccc cgtgcccatg 300 

ccagacctga agaatgtcaa gtccaagatc ggctccactg agaacctgaa gcaccagccg 360 

ggaggcggga aggtgcaaat agtctacaaa ccagttgacc tgagcaaggt gacctccaag 420 

tgtggctcat taggcaacat ccatcataaa ccaggaggtg gccaggtgga agtaaaatct 4 80 

gagaagcttg acttcaagga cagagtccag tcgaagattg ggtccctgga caatatcacc 540 
cacgtccctg gcggaggaaa taaaaagatt gaaacccaca agctgacctt ccgcgagaac 
gccaaagcca agacagacca cggggcggag 

<210> 13 

<211> 792 

<212> DNA 

<213> human 



600 
630 



60 



<400> 13 

atggtcagta aaagcaaaga cgggactgga agcgatgaca aaaaagccaa gggggctgat 

ggtaaaacga agatcgccac accgcgggga gcagcccctc caggccagaa gggccaggcc 120 

aacgccacca ggattccagc aaaaaccccg cccgctccaa agacaccacc cagctctggt 180 
gaacctccaa aatcagggga tcgcagcggc tacagcagcc ccggctcccc aggcactccc 
ggcagccgct cccgcacccc gtcccttcca accccaccca cccgggagcc caagaaggtg 

gcagtggtcc gtactccacc caagtcgccg tcttccgcca agagccgcct gcagacagcc 360 

cccgtgccca tgccagacct gaagaatgtc aagtccaaga tcggctccac tgagaacctg 420 

aagcaccagc cgggaggcgg gaaggtgcaa atagtctaca aaccagttga cctgagcaag 4 80 



240 
300 
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gtgacctcca 


agtgtggctc 


attaggcaac 


atccatcata 


aaccaggagg 


tggccaggtg 


540 


gaagtaaaat 


ctgagaagct 


tgacttcaag 


gacagagtcc 


agtcgaagat 


tgggtccctg 


600 


gacaatatca 


cccacgtccc 


tggcggagga 


aataaaaaga 


litigaaaccca 


caagctigacc 


DOU 


ttccgcgaga 


acgccaaagc 


caagacagac 


cacggggcgg 


agatcgtgta 


caagtcgcca 


720 


gtggtgtctg 


gggacacgtc 


tccacggcat 


ctcagcaatg 


tctcctccac 


cggcagcatc 


780 


gacatggtag 


ac 










792 


<210> 14 
<211> 720 
<212> DNA 
<213> hiuaan 












<400> 14 
atcgccacac 


cgcggggagc 


agcccctcca 


ggccagaagg 


gccaggccaa 


cgccaccagg 


60 


attccagcaa 


aaaccccgcc 


cgctccaaag 


acaccaccca 


gctctggtga 


acctccaaaa 


120 


tcaggggatc 


gcagcggcta 


cagcagcccc 


ggctccccag 


gcactcccgg 


cagccgctcc 


180 


cgcaccccgt 


cccttccaac 


cccacccacc 


cgggagccca 


agaaggtggc 


agtggtccgt 


240 


actccaccca 


agtcgccgtc 


ttccgccaag 


agccgcctgc 


agacagcccc 


cgtgcccatg 


300 


ccagacctga 


agaatgtcaa 


gtccaagatc 


ggctccactg 


agaacctgaa 


gcaccagccg 


360 


ggaggcggga 


aggtgcaaat 


agtctacaaa 


ccagttgacc 


tgagcaaggt 


gacctccaag 


420 


tgtggctcat 


taggcaacat 


ccatcataaa 


ccaggaggtg 


gccaggtgga 


agtaaaatct 


480 


gagaagcttg 


acttcaagga 


cagagtccag 


tcgaagattg 


ggtccctgga 


caatatcacc 


540 


cacgtccctg 


gcggaggaaa 


taaaaagatt 


gaaacccaca 


agctgacctt 


ccgcgagaac 


600 


gccaaagcca 


agacagacca 


cggggcggag 


atcgtgtaca 


agtcgccagt 


ggtgtctggg 


660 


gacacgtctc 


cacggcatct 


cagcaatgtc 


tcctccaccg 


gcagcatcga 


catggtagac 


720 


<210> 15 
<211> 2946 
<212> DNA 
<213> hiaman 












<400> 15 
aatgtcccga 


attcccagcc 


tcaccacccc 


ttctcagtaa 


tgaccctggt 


tggttgcagg 


60 


aggtacctac 


tccatactga 


gggtgaaatt 


aagggaaggc 


aaagtccagg 


cacaagagtg 


120 


ggaccccagc 


ctctcactct 


cagttccact 


catccaactg 


ggaccctcac 


cacgaatctc 


180 


atgatctgat 


tcggttccct 


gtctcctcct 


cccgtcacag 


atgtgagcca 


gggcactgct 


240 


cagctgtgac 


cctaggtgtt 


tctgccttgt 


tgacatggag 


agagcccttt 


cccctgagaa 


300 


ggcctggccc 


cttcctgtgc 


tgagcccaca 


gcagcaggct 


gggtgtcttg 


gttgtcagtg 


360 
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gtggcaccag 
cttgcaccct 
catgcatagt 
cttttccccc 
tacatagatg 
tgtttatgct 
aggacgcatg 
tctcaccccc 
agttttgaaa 
ggaggccgtt 
ccccttccct 
ggtctggctt 
cccaaaggag 
gatctgcagc 
aagctcgccc 
gattgggatg 
aggatgactt 
cgctgacctt 
cattgctgcc 
acagttaaag 
gcagcttcgt 
accaagagcc 
agaaggagaa 
ctgccaacag 
tgccctgctc 
tggggcaggc 
aaattgaaaa 
actcctcccc 
aggatatact 
aaattgactt 
aggggggagg 
ttaaactgcc 



gatggaaggg 
agcttgtagc 
atcagccctc 
agtcccagct 
ttgccctgcc 
tggattcacc 
tatcttgaaa 
acactgggac 
ggctttcctc 
cagctgtgac 
acttcccctt 
gcggcgcgag 
gcttacaact 
tcccagaagc 
tctggagggg 
aattgcctgt 
gacaagtcag 
gcacaaactc 
taaagaaact 
gcaaccctga 
gtgcagctag 
tccctgccgt 
ggaaatgtgg 
tttcggctgc 
ttcagcacca 
tcttggggcc 
ggcacgctgg 
tcccctcact 
gtatgccggc 
cagtggtgag 
aatgtgtaag 
tcgtaaccct 



caaggcaccc 
tgccaacctc 
cacacccgac 
ggaagccatg 
ctccccatct 
agagtgacta 
tgcttgtaaa 
tcgtgtggcc 
agcacctggg 
gaaggcctga 
ggggctccct 
gatggttctc 
cctgcatcac 
tccgtgagcc 
cagcgcagcc 
cctggatctg 
gagacactgt 
catctgctgc 
cagcagcctc 
gggacttggc 
agctttacct 
tcgctgagtc 
ggtagatttg 
atttcttcac 
tgggccttct 
agcctaagat 
cttgtgatct 
tctcccacct 
tccttcaagc 
actgtatcct 
atagttaaca 
tttcatgatt 
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agggcaggcc 
ccagacagcc 
aaaggggaac 
ctgtctgttc 
gcaccctgtt 
tgatagtgaa 
gaggtttcta 
tgtgtggtgc 
acccaacaga 
agcacaggat 
gtgtcagggc 
tctggtcata 
aagaaaaagg 
tcagccaccc 
tcccaccaag 
ctctagaggc 
tcccaaagcc 
catgagaaaa 
aggcccaatt 
agtagaaatc 
gaaaggaagt 
ccagcaattc 
gtggtggtta 
gcacctcggt 
tatacggaag 
catggtttag 
taaatgagga 
gcagagccag 
tgctgactca 
gtttgctatt 
tgggcaaagg 
tcaaccacat 
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cacagtcccg 
cagcccgctg 
acaccccctt 
tgctggagca 
gagttgtagt 
aagaaaaaaa 
acccaccctc 
caccctgctg 
gaccagcttc 
taggactgaa 
acagactagg 
gcccgaagtc 
aagccactgc 
ctcagactgg 
ggccctgcga 
ccaagctgcc 
ttgaccagag 
gggaagccgc 
ctgccacttc 
cagggcctcc 
ctctgggccc 
tcctaagttg 
gagatatgcc 
tcctcttcct 
gctctgggat 
ggtgatcagt 
caatcccccc 
tgtccttggg 
ctttatcaat 
gcttgttgtg 
gagatcttgg 
ttgctagagg 



ctgtccccca 
ctcagctcca 
ggaaatggtt 
gctgaacata 
tggatttgtc 
aaaaaaaaaa 
acgaggtgtc 
gggcctccca 
tagcagctaa 
gcgatgatgt 
tcttgtggct 
tcatggcagt 
cagctggggg 
gttcctctcc 
ccacagcagg 
tgcctgagga 
cacctcagcc 
ctttgcaaaa 
tggtttgggt 
cctggggctg 
agaactctcc 
aagggatctg 
cccctcatta 
gaagttcttg 
ctcccccttg 
gctggcagat 
agggctgggc 
tgggctagat 
agttccattt 
ctatgggggg 
ggtgcagcac 
gagggagcag 



420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
2160 
2220 
2280 
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ccacggagtt 


agaggccctt 


ggggtttctc 


ttttccactg 


acaggctttc 


ccaggcagct 


2340 


ggctagttca 


ttCCCtGGCC 


agccaggtgc aggcgtagga 


.atatggacat 


ctggttgctt 


2400 


tggcctgctg ccctctttca 


ggggtcctaa 


gcccacaatc 


atgcctccct 


aagaccttgg 


2460 


catccttccc 


tctaagccgt 


tggcacctct 


gtgccacctc 


tcacactggc 


tccagacaca 


2520 


cagcctgtgc 


ttttggagct 


gagatcactc 


gcttcaccct 


cctcatcttt 


gttctccaag 


2580 


taaagccacg 


aggtcggggc 


gagggcagag 


gtgatcacct 


gcgtgtccca 


tctacagacc 


2640 


tgcagcttca 


taaaacttct 


gatttctctt 


cagctttgaa 


aagggttacc ctgggcactg 


2700 


gcctagagcc 


tcacctccta 


atagacttag 


ccccatgagt 


ttgccatgtt 


gagcaggact 


2760 


atttctggca 


cttgcaagtc 


ccatgatttc ttcggtaatt 


ctgagggtgg ggggagggac 


2820 


atgaaatcat 


cttagcttag 


ctttctgtct 


gtgaatgtct 


atatagtgta 


ttgtgtgttt 


2880 


taacaaatga 


tttacactga 


ctgttgctgt 


aaaagtgaat 


ttggaaataa 


agttattact 


2940 


ctgatt 
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